Females are known to bene¢t from mate choice in several di¡erent ways but the relationship between these bene¢ts has received little attention. The quality of resources provided by males, such as nest sites, and paternal care are often assumed to covary positively. However, because the location of the nest a¡ects the cost of parental care, these two bene¢ts from mate choice can easily be confounded. To investigate the provisioning ability of successful competitors while controlling for di¡erences in territory quality we removed early-settled pairs of collared £ycatchers (Ficedula albicollis) and allowed replacement by later-arriving males or £oaters (i.e.`poor competitors'). A control group of early-settled males (i.e.`good competitors') had their females removed. Females paired to good competitors enjoyed a signi¢cantly higher reproductive success and tended to receive more parental assistance from their mates compared with females mated to poor competitors. Thus, some males seem able not only to compete successfully over resources but also to feed their o¡spring at a relatively higher rate. An alternative explanation, that poor competitors invested less in o¡spring quality in response to a lower share of paternity, could be rejected. The rate of extra-pair paternity did not di¡er between the two treatment groups. Our results suggest that male^male competition can sometimes facilitate female choice of superior care-givers. Thus, a female's bene¢t from choosing a competitive male may not be restricted to the quality of the resource he defends but can also include superior paternal care.
INTRODUCTION
It is well established that females can gain from mate choice through a variety of both direct and indirect bene¢ts (reviewed in Andersson 1994) . Although di¡erent typ es of bene¢ts are often assumed to be positively correlated, females may sometimes face trade-o¡s when choosing their mates (Zuk et al. 1990; MÖller & Pomiankowski 1993; Marchetti 1998; QvarnstrÎm & Forsgren 1998; Gri¤th et al. 1999; Slagsvold & Drevon 1999; QvarnstrÎm et al. 2000) . In such cases, females should be selected either to optimize their choice based on several di¡erent cues (Zuk et al. 1990; MÖller & Pomiankowski 1993; Marchetti 1998) or to use mating tactics that, at least partly, circumvent the trade-o¡s.
Direct selection (i.e. through variation in resource quality or the parental abilities of mates) on mate preferences is likely to be more important, in an evolutionary sense, than indirect selection (i.e. through variation in genetic quality of mates) which is weak in absolute terms (Kirkpatrick & Barton 1997; MÖller & Alatalo 1999; Jennions & Petrie 2000) . In birds, the most common mating system is based on resource defence and experimental studies have shown that females often seem to base their choice of social mate on the quality of the resource defended (e.g. Alatalo et al. 1986; PÌrt 1994) . Moreover, biparental care occurs in many avian species and the variation in male ability to provide o¡spring care is likely to a¡ect both the number and/or quality of young produced (e.g. Price 1998 ). Thus, female birds are also selected to choose the best care-givers as mates (Heywood 1989; Hoelzer 1989; Price et al. 1993; Kokko 1998; Wolf et al. 1999) . However, it is not clear that males which are able to compete most e¡ectively for resources will also be the most competent parents. The aim of this study was to investigate whether male^male competition facilitates female choice of suitable care-givers or constrains female choice by excluding the most suitable caregivers from the best resources. In the ¢eld a male's provisioning ability may easily be confounded with his ability to ¢nd and defend a suitable nest site. This is because the abundance of food near the nest will probably a¡ect the cost of provisioning. In addition, parents may use di¡erent feeding strategies depending on the quality of the environment (Davis et al. 1999) . Thus, when investigating the parental ability of males it is important to control for the variation caused by resource quality.
In the collared £ycatcher (Ficedula albicollis) male^male competition and female choice are, to a large extent, temporally separated. Males arrive ¢rst at the breeding grounds and compete over suitable nest sites before female arrival. Later-arriving females are then restricted to choosing amongst the established territory holders. The rearing environment has been shown to be an important determinant of both number (PÌrt 1994) and quality (Gustafsson et al. 1995; MerilÌ 1996; Sheldon et al. 1997a; QvarnstrÎm 1999a ) of o¡spring produced. There are several ways in which male collared £ycatchers can potentially a¡ect the quality of the environment of their o¡spring. Males may vary in their ability to (i) ¢nd and defend breeding territories of high quality; (ii) provide paternal care; and (iii) in their e¡ect on their mate (i.e. females may be willing to invest more in o¡spring when paired to attractive mates (Burley 1986; MÖller & Thornhill 1998; Sheldon 2000) ). The aim of the present study was to investigate whether good competitors are good parents after controlling for di¡erences in territory quality. We made pairwise selections of males that had newly been chosen by females and removed one of the males at random, and both of the females. Removed males were replaced by £oaters, or later-arriving males. If male competitive ability is positively correlated with parental ability and/or a¡ects female investment in o¡spring we expected a relatively higher reproductive success of females mated to good competitors (i.e. males that had not been removed). In addition, we observed male and female feeding patterns to disentangle the e¡ect of male parental quality and di¡erences in female investment. Finally, because male collared £ycatchers have previously been shown to adjust their parental investment in response to certainty of paternity (Sheldon et al. 1997b; Sheldon & Ellegren 1998) we investigated paternity in relation to treatment group to ensure that our results were not adversely confounded by this variable.
METHODS

(a) Field experiment
The experiment was performed in 1996 in several nest-box p lots situated in a 33 km 2 study area on the southern part of the island of Gotland (59810' N, 18820' E), Sweden. Each day, from early May to early June, we searched all the p lots for newly established pairs of collared £ycatchers. We made pairwise selections of males at the same stage of breeding (i.e. just after the p air bond was established) and randomly removed one of them (i.e. allowing his territory to be occupied by a less competitive male, nˆ31) while the other male served as control (nˆ30). Both females were removed (nˆ44) unless the female deserted the box as soon as her mate was caught (nˆ17). The pairwise design was employed to keep the time of territory establishment (i.e. quality) balanced between the two treatment groups. All removed birds were measured using standard methods (see Gustafsson 1989; PÌrt & Gustafsson 1989 ) and translocated to other breeding sites. Since males are known to display high site ¢delity (PÌrt 1994 (PÌrt , 1995 all removed males were kept in aviaries for three days and fed ad libitum with meal-worms before being translocated. Removed males were detained to allow potential replacement males to develop site dominance. All territories were visited daily to record the settlement of new males and females. Re-pairing sp eed was de¢ned as the residual from a linear regression of date of nest building by the new female on date of removal of the original female (r
2ˆ0
.33, nˆ36, pˆ0.0002, slop eˆ0.55 § 0.13). Breeding males and females were later caught when feeding seven-day-old nestlings and measured using standard methods (see Gustafsson 1989; PÌrt & Gustafsson 1989) . A 5^40 ml blood sample was taken from both parents by brachial venipuncture and stored in SET bu¡er (0.5% SDS, 0.1% EDTA 10 mM Tris-CL) at 4 8C. Blood samples were also taken from three-day-old nestlings (as for adults).
Feeding rates, i.e. number of visits to the nest by males and females were measured during two 1h p eriods on two consecutive mornings when nestlings were between eight and ten days old. Observations were made 30^35 m from the nest by observers who were unaware of the treatment. Total feeding rate was estimated as the sum of the male and female feeding rate, and male share was calculated by dividing male feeding rate by the total feeding rate. Each 1h estimate of male and female feeding rates provides a rep eatable measure of their feeding share (Sheldon et al. 1997b) , and female feeding rate has been shown to correlate (rˆ0.73) with daily energy exp enditure in this p opulation (PÌrt et al. 1992) . Nestlings were measured and weighed when 12 days old. All proportions were angular transformed.
(b) Parentage analysis
Parentage was investigated using genotypes of o¡spring and putative parents at three microsatellite loci: FhU2 (Ellegren 1992), FhU3 and FhU4 (Primmer et al. 1996) . Genotypes were determined by amplifying DNA from Chelex TM -extracted blood samples (Walsh et al. 1991) following the ampli¢cation protocol of Primmer et al. (1996) . Products were sep arated by electrophoresis in denaturing p olyacrylamide gels and visualized by silver staining (Bassam et al. 1991) . Alleles were size scored by comparison with known-size standards run on each gel. Based on the heterozygosity and distribution of alleles in this p opulation the combined exclusion p ower of these three markers was 0.958 (see Sheldon & Ellegren 1996) . We consider this su¤cient for detecting cases of paternal exclusion since on average only 4.2% of cases of paternal exclusion would be overlooked (corresponding to fewer than six out of 120 chicks in our samp le). Therefore, false paternal inclusion is unlikely to have greatly a¡ected our results or conclusions.
RESULTS
After the removal of either only females or both members of the pair at 61 nests in total, 45 new females (or pairs) settled as de¢ned by the onset of nest building. Whether a male had been removed or not did not e¡ect the likelihood of a later settlement of a new female (d.f.ˆ1, w
2ˆ0
.006, pˆ0.94, 74% out of 31 and 73% out of 30, respectively). The likelihood of early nest failure (i.e. before the young reached an age of 7 days) did not di¡er between the two treatment groups (d.f.ˆ1, w
.069, pˆ0.79, 26% out of 23 new owners and 23% out of 22 original owners). However, re-pairing speed was faster for non-translocated owners compared with new owners (t-test, d.f.ˆ17, tˆ2.57, pˆ0.02, meansˆ72 .41 and 1.27 of the residuals, respectively). New owners had signi¢cantly smaller forehead patches (a sexually selected trait) than the males they had replaced (paired t-test, d.f.ˆ10, mean x^yˆ14.5, tˆ2.245, pˆ0 .05) but there was no signi¢cant di¡erence in mean patch size between the two treatment groups (i.e. between non-translocated owners and new owners) (t-test, d.f.ˆ24, tˆ70.91, pˆ0.37, meansˆ78.5 and 74.3 mm 2 , resp ectively). Females mated to non-translocated owners received more parental assistance from their mates (table 1 and ¢gure 1) and enjoyed higher reproductive success (table 2 and ¢gure 2) compared with females mated to new owners. Laying date was included in the analysis to control for the fact that non-translocated owners were re-p aired faster and reproductive success is known to decline as the season is progressing (Wiggins et al. 1994) .
Overall 27% of o¡spring were found to be extra-pair (in 48% of the broods). This is a relatively high frequency of extra-pair paternity (EPP) compared with previous estimates from this population, although not signi¢cantly so (Sheldon & Ellegren 1996 . The high frequency of EPP found in this study did not seem to result from an increased motivation to seek extra-pair fertilizations by females paired to less competitive males, as there was no signi¢cant di¡erence in the level of EPP between the two treatment groups, when controlling for laying date (F 1,20ˆ0 .132, pˆ0.72) . In fact, the high frequency of EPP overall was largely due to three broods consisting exclusively of extra-pair young (EPY). This has been found previously to occur naturally at a low level (Sheldon & Ellegren 1999) . The relatively high level in this sample, however, may have been due to rapid mate replacement. Perhaps some of the females that deserted their ¢rst box when their mate was removed (see ½ 2) remained in the area and re-p aired with a new male while still carrying sperm from the removed males. Unfortunately we were unable to investigate this possibility as blood was not taken from the experimentally removed males. When we excluded the three broods containing exclusively EPY the rate of EPP dropped to 13%, which is consistent with thè normal' rate of EPP in this population (Sheldon & Ellegren 1996 . There was no signi¢cant di¡erence in frequency of EPP between the two treatment groups when excluding the three broods consisting of exclusively EPY and controlling for laying date (F 1,17ˆ1 .866, pˆ0.19).
DISCUSSION
Our results show that female collared £ycatchers mated to original territory holders (i.e. good competitors) received more parental assistance from their mates and enjoyed a higher reproductive success compared with females mated to replacers (i.e. less competitive males). These results suggest that male^male competition under certain conditions can facilitate female choice of good parents, as the experimental design allowed us to control for di¡erences caused by variation in territory quality. The fact that good competitors were re-paired relatively faster could re£ect female preference of such males.
However, the di¡erence in pairing speed between the two groups of males is likely, at least partly, to be explained by the time needed for new males to settle.
Previous results have shown that while the size of a male's white forehead patch indicates his competitive ability (PÌrt & QvarnstrÎm 1997; QvarnstrÎm 1997) a female collared £ycatcher cannot always expect an increased reproductive success when mated to a largepatched male (QvarnstrÎm et al. 2000) . In fact, male patch size a¡ects a female's reproductive success di¡er-ently depending on her breeding date; a positive e¡ect is found among late breeders while the opposite is true for early breeders (QvarnstrÎm et al. 2000) . The underlying reason for this seasonal change may be a seasonal increase in large-patched males allocation of resources to post-mating activities as the marginal gain from advertising decrease (QvarnstrÎm 1999b; QvarnstrÎm et al. 2000 ; see also Kokko 1998) . Since the removal of females in the present study resulted in a delay of all pairs our results are probably most relevant for late breeders. In other words, we probably restricted the options for males to become polygynously mated or engage in extra-pair copulations, thereby reducing the marginal ¢tness gain from allocating resources to mating competition at the expense of parental care. Thus, female collared £ycatchers can bene¢t from choosing highly competitive males through both resource quality and increased parental assistance (this study) but the bene¢t is context dependent (QvarnstrÎm et al. 2000) .
The positive relationship between male ability to compete over resources and to provide parental care found in this study was most likely a result of males in relatively good condition being able to perform better overall. However, as in the situation described above (i.e. high-condition males allocating resources to mating competition at the expense of parental care when there are many mating options) there are several reasons why good competitors should not always be expected to provide better parental care (QvarnstrÎm & Forsgren 1998) . Studies on sand gobies (Pomatoschistus minutus) (Forsgren 1997 ) and ¢fteen-spined sticklebacks (Spinachia spinachia) (Ústlund & AhnesjÎ 1998) showed that male dominance or size was unrelated to parental ability. In both these studies females displayed preference for paternal competence, which in the latter case appeared to be signalled by male courtship dance frequency (Ústlund & AhnesjÎ 1998) . Since both of these experiments were conducted under laboratory conditions no variation in resource quality was allowed, suggesting that females of both these species face a more complex mate-choice decision in the ¢eld. The relative importance of di¡erent mate-choice cues may then be expected to depend on their relative e¡ect on reproductive success, which in turn may vary in relation to environmental conditions. In the collared £ycatcher, females seem able to change their social mate preference adaptively in response to environmentally driven changes in expected bene¢ts from choice of males with certain characteristics (QvarnstrÎm et al. 2000) . Whenever di¡erent bene¢ts from mate choice are unrelated or negatively related females may also use mating tactics that, at least partly, circumvent the tradeo¡s. In birds, females are often assumed to seek extra-pair matings as a tactic to increase o¡spring genetic quality when their social mate choice is constrained (e.g. MÖller 1992; Birkhead & MÖller 1992; Petrie & Kempenaers 1998) . Since the bene¢t from seeking extra-pair copulations is likely to increase with increased discordance between male genetic quality and other bene¢ts from mate choice, we expected females mated to poor competitors to be relatively more motivated to seek extra-pair fertilizations. This expectation was based on the facts that (i) poor competitors had smaller forehead patches compared with the males they had replaced (i.e. we experimentally caused a discordance between resource quality and male quality), and (ii) young sired by largepatched males £edge in relatively good condition as demonstrated by comparisons between maternal half-sibs (Sheldon et al. 1997a ). In addition, male o¡spring often inherit the patch size of their father (QvarnstrÎm 1999a). However, we did not ¢nd a relatively higher frequency of EPY among broods attended by poor competitors. There are several possible explanations to this result. First, given the small magnitude of genetic bene¢ts (Kirkpatrick & Barton 1997) the di¡erence in discordance between direct and indirect bene¢ts between the two treatment groups may not have been large enough to promote di¡erences in female motivation to participate in extra-pair copulations. Indeed, the increased discordance between male patch size and resource quality was not large enough to cause a signi¢cant di¡erence in mean forehead patch size between males of the two treatment groups. Second, there are also potential costs from participating in extrapair copulations such as exposure to sexually transmitted diseases (Sheldon 1993 ) and lowered parental investment by the social mate (Birkhead & MÖller 1992; Westneat & Sherman 1993; Dixon et al. 1994; Weatherhead et al. 1994) that may override the bene¢t. In this study we found that the frequency of EPP was negatively related to both male parental assistance and reproductive success. This ¢nding is consistent with a previous study showing that male collared £ycatchers lower their parental investment in response to lowered share of paternity (Sheldon & Ellegren 1998) . Also, the relatively low rate of EPP observed in this species suggests that females refrain from seeking extra-pair fertilizations due to relatively high direct costs. Third, another consequence of the relatively low natural rate of EPP is that a much larger sample size might be needed to detect an e¡ect. Fourth, good competitors may not have better genes than poor competitors. Results similar to ours, i.e. no e¡ect of male removal on the proportion of extra-pair fertilizations, were found in a study of tree swallows (Barber 1999).
To conclude, we found that female collared £ycatchers mated to original territory holders (i.e. good competitors) enjoyed higher reproductive success compared with females mated to replacers (i.e. poor competitors). Since variation in territory quality was experimentally controlled for, the di¡erence in reproductive success was probably attributed to di¡erences in male parental ability. This assumption is strengthened by a strong tendency for good competitors to feed their o¡spring relatively more in relation to their females. In addition, variation caused by 
